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Cell Biology SelectThe unique characteristics of stem cells—their ability to self-renew and to differentiate into many different cell
types—has prompted hopes that they can be exploited to boost regeneration of damaged tissues. A first step
in commandeering these cells for therapeutic benefit is to elucidate the key molecules and pathways that govern
stem cell self-renewal and differentiation. Using embryonic, neural, and germ stem cells, a cluster of recent stud-
ies take on this task. Their results reveal the daunting complexity of stem cell biology with different types of stem
cells relying on different molecules to direct self-renewal and differentiation decisions.
Neural Stem Cells Return to the Land of the Ever
Young
There is much interest in delineating the molecules that imbue the most primitive
stem cells, embryonic stem (ES) cells, with their remarkable pluripotency. Three
core transcription factors have so far been identified—Nanog, Sox2, and Oct4—
with at least two other key factors rumored to exist. An elegant series of experiments
by Austin Smith and colleagues (Silva et al., 2006) reveal that Nanog has the ability to
reprogram a mouse neural stem cell so that it acquires the characteristics of a plu-
ripotent ES cell. First, the investigators fusedmouse ES cells overexpressing Nanog
with mouse neural stem cells to form hybrids, each containing a tetraploid nucleus.
Overexpression of Nanog enabled recovery of dramatically increased numbers of
hybrids. Critically, the hybrids expressed embryonic genes (such as Oct4 and
XIST) from the neural genome, whereas expression of neural genes (such as Olig2
and Blbp) was repressed. In addition, the hybrid nucleus lacked certain repressive
histone marks, suggesting that the neural stem cell epigenome had been reprogrammed to a more primitive state.
Next came a key experiment: hybrids were released from Nanog’s control (by excising the Nanog overexpression
cassette) and were allowed to form embryoid bodies. The embryoid bodies expressed markers for endoderm and
mesoderm, which are not expressed by either ES cells or neural stem cells, indicating that the hybrid-derived
embryoid bodies have the capacity for differentiation into multiple cell lineages. Nanog does not act alone, however,
because enforced expression of Nanog in neural stem cells is insufficient to alter their phenotype. Therefore, Nanog
must cooperate with other ES cell factors to deprogram the neural stem cell genome and reset pluripotency. Eluci-
dating how to deprogramdifferentiated cellsmay increase the feasibility of ES cell-based therapies by circumventing
the need for a nuclear transfer step.
J. Silva et al. (2006). Nature. Published online June 22, 2006. 10.1038/nature04914.
Another Notch in the Neural Stem Cell Tree of Life
For ES cells to be of value for regenerating damaged tissues, they must first be coaxed to become appropriate
tissue-specific precursor cells in the laboratory and then expanded and transplanted to the site of tissue injury.
Taking a step in this direction, McKay and colleagues (Androutsellis-Theotokis et al., 2006) use a mouse fetal neural
stem cell culture system to delineate components of the Notch signaling pathway (a key developmental pathway)
that are required for neural stem cell survival and expansion. Binding of the ligands Jagged (Jag1) and Delta-like
4 (Dll4) to the transmembrane Notch receptor resulted in expression of Hes3 and Shh target genes (expressed in
early neural precursors) through phosphorylation of the transcription factor STAT3. The Jag1 and Dll4 ligands
also activated cytoplasmic survival signals through phosphorylation of mTOR and Akt (both components of the
insulin signaling pathway). The authors then identified several molecules, all kinases (including JAK and p38), that
block this neural stem cell survival pathway and instead coax the stem cells down the differentiation road. They
then tested their survival pathwaymodel in vivo by infusing artificial cerebrospinal fluid containing Dll4 into the brains
of healthy adult rats. They observed the generation of new neural precursor cells in the brain’s subventricular zone,
a region known to contain a neural stem cell compartment. Furthermore, in a rat model of cerebral cortex focal
ischemia, infusion of cerebrospinal fluid containing Dll4 (and FGF2) into the injured animals boosted the number
of neural precursor cells in the subventricular zone, resulting in a marked improvement in the motor performance
of the treated animals. Preliminary results suggest that at least some of these neural stem cell survival molecules
appear to be important for the survival of human ES cells as well.
Androutsellis-Theotokis et al. (2006). Nature. Published online June 25, 2006. 10.1038/nature04940.
Self-Renewal Glides into View
Glial cell line-derived neurotrophic factor (GDNF) is essential for the self-renewal of spermatogonial stem cells
(SSCs) in mouse and other mammals. In a valuable service to the research community, Brinster and colleagues
have developed a serum-free culture medium for maintaining mouse SSCs. They now exploit this system to identify
genes associated with SSC self-renewal by examining GDNF-induced changes in gene expression usingmicroarray
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analysis (Oatley et al., 2006). They identified six genes in mouse SSCs that were downregulated in the absence of
GDNF and upregulated in its presence. Of these, the most prominent expression changes were observed for the
transcriptional repressor Bcl6b. Reduction of Bcl6b transcripts using small interfering RNA technology resulted in
a decrease in germ-cell clump size and total germ cell number. Mice lacking Bcl6b exhibited testes with abnormal
seminiferous tubules and aberrant spermatogenesis, with the complete absence of germ cells in some tubules. The
authors conclude that Bcl6b is a key factor for themaintenance and self-renewal of mouse SSCs. Obviously, it would
be very useful if many of the molecules governing SSC self-renewal were shared by most if not all stem cell types.
However, stem cell biology turns out not to be so compliant. For example, Brinster’s mouse SSCs happily self-renew
in the presence of GDNF yet do not express the key pluripotency factor of mouse ES cells, Nanog.
J.M. Oatley et al. (2006). Proc. Natl. Acad. Sci USA 103, 9524–9529.
A Blimp on the Horizon of Germ Cell
Specification
Going even further back in the life of mouse germ cells, Ancelin et al.
(2006) identify Blimp1 as a key specification molecule for primordial
germ cells (PGCs) in the mouse embryo. Blimp1 is a transcriptional
repressor that is known to recruit chromatin-modifying proteins and
other transcriptional repressors to block the expression of select
genes. Previously, the authors showed that Blimp1 is crucial for
PGC formation at day 6.25 to 7.5 of mouse embryonic development.
In their new study, they demonstrate that Blimp1 binds to the Prmt5
arginine methyltransferase and that this complex mediates a change
in the methylation status of arginine 3 on histone H2A and H4 tails be-
tween days 8.5 to 10.5 of development. This change in the epigenetic
code accompanies other epigenetic changes and coincides with migration of PGCs to the genital ridges around em-
bryonic day 10.5. The authors then identified the RNA helicase, Dhx38, as a target of repressionmediated by Blimp1-
Prmt5 activity. Dhx38 is known to be important in germ cell development in worms. At embryonic day 11.5 to 12.5,
Dhx38 is upregulated in mouse PGCs in genital ridges. This upregulation is concomitant with the movement of
Blimp1-Prmt5 from the nucleus to the cytoplasm in PGCs and with loss of the symmetrical arginine dimethylation
that is associated with gene repression. This study provides a glimpse into the complexity of epigenetic reprogram-
ming that takes place during the earliest stages of PGC specification.
K. Ancelin et al. (2006). Nat. Cell Biol. 8, 623–630.
A Delicate Balance Goes MisSIng
Although mammalian ES cells, germ cells, and somatic stem cells
are extremely valuable for stem cell research, they are difficult to
isolate, culture, and manipulate. The germ cells of the fruit fly
provide an excellent system with which to study stem cell biology.
The reason for this is that the locations of both the fly germ stem
cells (GSCs) and their hub support cells are well-established within
the gonad niche. Exploiting this elegant system, Siddall et al. (2006)
now demonstrate that an RNA binding protein called Musashi
(Msi), a known translational repressor, is required to maintain fly
GSC fate. Using fly mutants lacking Msi, the authors show that
loss of Msi does not lead to death of GSCs but rather drives
them prematurely down a differentiation pathway to form sper-
matogonial cells. Intriguingly, while differentiation thrived, there was no replenishment of GSCs, demonstrating
that the delicate balance between self-renewal and differentiation had been disrupted. But which target proteins
are blocked by Msi-mediated translational repression? The authors tested expression of four Msi target genes
identified in other stem cell types but did not find any altered expression in Msi-deficient flies. They conclude that
fly GSCs may have their own target protein that needs to be repressed by Msi for maintenance of GSC fate.
N.A. Siddall et al. (2006). Proc. Natl. Acad. Sci USA 103, 8402–8407.
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